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CYANI DE- FREE MONOVALENT COPPER ELECTROPLATI NG SOLUTI ONS

Techni cawdrisedigrs The present invention is diredi@fU§5s/05211
cyani de-free 5 nonoval ent copper el ectroplating solutions for depositing
copper onto a substrate Backorounc Art
For nmany yearGYANEBEZFRE ' s PLATL ING. B0 ng
cyani de- based pIatlng solutlons In t hese solutlons copper is present in
a conpl ex of nonoval ent copper g é hdﬁ lgg solutlon may al so contain
free or unconpl exed al kali cyanid chp 8 i de, and conpl exi ng
agent s such as al kalThe ap:tesmrettm‘kmhtpldmssslderéétedp’percgandés fAletehough
t hese s e} been |n
search_ ot MSrE VR I, Sy SHECEIM e hETeLTRRELRS BE2 GARRLATsRY F
required1ﬁﬂpneneQnﬁnmﬁt$whﬁ%ﬁnﬁ%novalent copper differ greatly from
those required for the deposition 20 of nonoval ent silver. Mnoval ent
silver is normally stable in solution. However, if any instability exists
in the solution, the monoval ent BAGR@EOURAAEF e reduced, and

precipitate as silvewofmﬁgﬁy yéer & pdeishhen piaapﬂgvaggnbeensllver S
accelerated [

I | t t,. it he .di val .
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If an |nstrﬂnﬂhégeeansmelmm$h|¢bppenlﬂeipMesentainiagcompmeavament copper
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such oxi ddati on occurs 3 ent cop i ons are oxidi zed
to dival erfiree @mpmcmpb&&%ﬁenalmlthcﬁﬁneﬁe, t hékeblluhydnomdm,t Ia@dal r, or

are oxi di zedy o Seifochem€ @lsﬂcﬁl ENe10RP9artrate to hedpl BiSsolve
cyani de-free "di val ent Copper platin sol utions have been"commercially

success¥uUICORRAR\AROeHes A BB ARG | BReseoFatnEASnFehaVeePeRNce as much

total currfificd®sfulepese t ihdes BAFEh 5086hsANERPPBEeAS id0sBRRRYAlENt
copper SO|UtIDnS Therefore, for a qiven current, the plating rate
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Solutions required for the deposition of monovalent

copper differ greatly from those required for the deposition

20 of monovalent silver. Monovalent silver is normally stable
in solution. However, if any instability exists in the
solution, the monovalent silver ions are reduced, and
precipitate as silver metal. The reduction of monovalent
silver is accelerated by light.

25 In contrast, it is the divalent jion, rather than
the monovalent ion, that is the stable in copper sclutions.
If an instability exists within a solution containing
monovalent copper ions, the ions are oxidized to form stable,
divalent copper ions. Where such oxidation occurs, the

30 monovalent copper ions are typically oxidized to divalent
copper by oxygen, which enters the solution from the air, or
are oxidized electrochemically at the anode.

Acidic, cyanide-free divalent copper plating

solutions have been commercially successful. However, these

35 divalent solutions require twice as much total current to
deposit the same amount of copper as do monovalent copper
solutions. Therefore, for a given current, the plating rate
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I's half that of nonoval ent copper solutions, and the cost of t he

electrical current is twice as great. Furthernore, the aci di c sol utions
do not pgggggguﬁhe requi red adhesi on of copper when coppefukssddhat ed
directly onto steel. 5 Al kal i ne, cyani de-free di val ent copper
sol utions are capable of plating directly onto steel with good

adhesi on bgthagfetaaal efeﬁlohb%uaﬂtcaagpéel gblacgeRisanedd thdeftset he
copper g vaI t he_ current egU|red to plate Iuég._%'rﬁfromamdlc
Qv ent cHhBoPLobHELPBRCCRETaBELL o fFege18° ARESFequ S (TRE

nonoval entach@per soantlivhs gbahbhgprowvate the aegmmemdammmusumh(nﬂrent S

abo“t.ha'fCBBSEr“thﬁ cobgegzgg’B?%tehahﬁggcgﬁgnbgggpﬁiﬁ.QF copper

sol uti ons. ' 1e€re are Nno success commrer ci al
al kal i ne® nonoval ent Adksppanep| gvengdeatireet Bavadeatscopper B loymnde- fr ee,

and capabl g.gf chiEmSiIe' )S‘pb%‘t agsge%c\eﬂlyh oﬂ%%d steeﬁdt&ﬁ%ho% oddpt hs

cont ai ni ng nonoval ent cog rticular. cuprous chloridé or
cuprous i o8fHESighy hbukcBaye achipyed H&W#G@g ﬁ&@@e§€§@1p@ﬂﬁﬁ§§PnQQﬂther

of these hﬁé@auseaﬁhée&6§p69nﬁgrah@hléﬁ%eptﬁacéhr%@nt re%PlredJﬁ%
No. 1, 969, 553 descri bes gﬁgrogess latin noval e COQP ron1a

sol ution cBAPBPAI h5O%obF ﬁvﬁéﬁpFaFéggﬁH stp DEhIS | TSR ocess
was studbeﬁhatfneqhéreandorepmatédgamohbealéhh geppeal, Iﬂﬂﬂlﬂﬂk(ﬁldﬂmhg

E|eCtr0Che”hEg Che§¥Veép5moagt %%4gurrﬁgyr$§8% %@E %F#gyt OKH%Q%hnICa

cuprous thlosu h™was reportedTn
conferencelsfushé fnstpﬂatengofrwmtmbnovEﬂan@hcn@p&E edndgdatns . U. K. These

baths plated copper E'Boﬁ‘at mea&%hea&es%ughee&s Ffu% nfedAeh vas

conpl exed with a I osul ate lon, and, reporte Grt her |nproved t he
30 stabili tlgfkéﬁ-lﬂﬁe BAnRVByehke CRRBEEI m}ra&fma bartm &hiagn arphetalpie of the

sol uti opg §nhaeLBQeé§1n§ﬁd0EaEaer1éf wltracfthg pl@&tm@@tre@ngeutﬁi ra%
to 9.5, wt ess report edly bei ng

haC| iC sga%£ ons g E 3
unst abl e. RR2&H4PP on; §uFPUFa&P6 Ed@On 88 FPln 1gesyi fited
sulfite |opar85cumar|aupnshy ehdbr&defbmnnupesassabduu@nswiEMEannéxys

concl uded éﬂ?&l&hﬁﬁﬁlﬂkétthebiggﬁaglEgEggdno gb&%h%&p%&tthés@P&&KﬁﬂE”t

over an al I Né cupric pyroghosp
-2- agpieged]eppmercial acceptance. PCT/ US98/ 05211

no furtpgr work has pegn psleehtefiotold%g Bg‘éoh\éb@ﬂlbetsh'ao%gjd(c@ £ baged
nonoval ent co per platlng b%t S. er 1utlbn %o%gglnln é§§1378
di scl oses B1a5f0gj BANPYpLent copper from a so g ium
thiosulfate and cuprous chloride. This process was studied
further and reported at the 77th general meeting of the
Electrochemical Society, Apr. 26, 1940. A more recent study
25 of the cuprous thiosulfate bath was reported in May 1981 at
the annual technical conference of the Institute for Metal
Finishing at Herrogate, U.K. These baths plated copper from
monovalent solutions in which copper was complexed with a
thiosulfate ion, and, reportedly, further improved the
30 stability of the bath by the addition of a sulfite ion. The
pPH of the solutions was in the range of 6 to 11, with the
optimum range being 8.5 to 9.5, with acidic solutions having
a pH of 6 or less reportedly being unstable. In addition,
sulfur dioxide, resulting from the acidified sulfite ion,
35 continuously evolved from these solutions. The authors
concluded that these plating baths offered no significant

improvement over an alkaline cupric pyrophosphate bath, and
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el ectroplating at | east one nonoval ent netal, such as copper 5 silver, or
gol d under acidic conditions, where the netal is conpl e a

t hi osul f a¥@ 9B@k675and the sol ution contains a stabilizer SFT§ﬁ9ﬂ?ﬁ%hic
sul finate. U S. Patent No. 4,126,524 discloses a cyanide-free

silver plating bath in | ver is conplexed with imdes 10 of organic
di car boxyl P€ %HEFB§F YRE eg ¥§§Hd§§aqqﬁ?Qiﬁ? qate NG HARY vari ous
al | oyi ng nehabsubfhltesthren mﬂnﬁlvde.l‘entto copptyn gitanirey otios. t he sil ver

deposit. The quantitg.?f p t% Eo |ngsn% Eléé\gg%%nggf% $1 fogw

parts per t housan C4s 2R u per oyrng 15
met al ionse&éstedpﬂstdmgoaalénascoppa'mﬂnuyaﬂanﬂemﬂtaimuﬁnch amdcopher,

t al h h howe
gﬁt aocgggfongpbgé%% risttld %ﬁd@% 'a%“‘éch%dltﬁ%HE”%?éré%?@%ﬁet EPA¥8r7 05

abi |ty has een re
919 di scl oseBPLREeds®YoR RhAPSHALEtE Z@rbommﬁrtd:q LSO RORERENS| Rver

plating sok¥hbeAizer of an orgaHQWe%%ﬁfr%a&%?d eX'StS for a stable,
cyani de-free, al kal i_ne no¥?ﬁent copper Iat bat hs t hat are cagable

of directly platiHgSst 88 Sgodd 2 ;E?es a cyanide-fr
SUMVARY OFs1tizelrNYENEIOY bath in whlchTIﬁIWeﬁ:SEmi donEldked whthi iatded to

tantiall | kal. t | .ut f iti
copper LPofftt RESREHEY ALeRE PraR Ld S At ol Al Nt cener bpe FEE" 1 "
i nvention ¢napnssenn@ﬁowarenuscapp@wnngnmexdﬂxrwmnnnsmﬁvgﬁwﬁncapdbretof
reduci ng diyg ﬁ%’enc%l%p% éL'S p%hteos:d%'}o\é%rﬁ alltcﬁﬁg.ﬁ{:ﬁ_' %x—hﬂg kali

material in ah amount ent to mal ution in
the range afiloyipsumeralovifdueilyersyenges Mg KEewW NMEES |IBF or

Na[ err] CQ Ehbhsaﬁ&d £o ARkl i56ULAr mxﬁi@rngu%gﬁﬂt A%fr@i@réfﬁofgﬁet S
I nclude 35 i m de  or ﬁegnt0|n conpounds sol ut1ons

accor di #§ PETRhe IPRFertSEfAmEy MONQVEd Siic ISRRPER H%ﬁﬁnd%ﬁﬁﬁﬁﬁtaPOPPer
Co?ductlVIhndSahherSm&haa81ons This process has ac%;evedszme gP
98/ 41675 5211 . ,
(L. Nal o PPRBFEFARY REGPPPRycPPTOTer ] PH RSP [tk instapi1 1By

C[err]H[ethNapeen]@P@DﬁkedC[err]H[err]thIerr] NH err]Cl, or
KNaCerr] H err] g e”]EPAa’Eb %@' 9l 6e QA ecrHJ el ) ene?’cﬁ’éﬁ@éi% an

organi c am ne or an oxyal kyl pol'yamne, such as trlet fetrami ne,

t et r aet RP| EABPPERLEaHNE, cauanléepén'mﬁ@rw -nlraiteim%@oh%twm | oyi ng
met al . EeResied!,| ¥ we%fdererﬁc‘ét@rﬂ:axe@ ng;aa&pélt Sy Dhidsert8e,

ree atin utiqn
the substan&k %@3$%ién J%pper %15%1ng(£§%hs that are capable of

directly plating steel with good adhesion.

25 SUMMARY OF THE INVENTION
The present invention is directed to a
substantially cyanide~free alkaline plating solution for
depositing copper from the monovalent ionic state. Plating
solutions of the invention comprise monovalent copper ion, a
30 reducing agent capable of reducing divalent copper ions to
monovalent copper ions, an alkali material in an amount
sufficient to maintain the pH of the solution in the range of
about 7 to about 10, such as NaOH, KOH, NH,OH, or Na,C0,, and
a particular complexing agent. The preferred agents include
35 imide or hydantoin compounds.
Plating solutions according to the invention may
also include at least one of a conductivity salt, such as
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i nvention include succinimde, 3-nethyl-3-ethyl succinimde, 3- et hyl
succi nimde, 3-ethyl succinimde, 10 3, 3,4, 4-tetranethyl succinimde, and

3, 3, 4-triw@bdsle7rs succini mide, and a hydantoi n conpound, ROTAISSSABI1Y

di met hyl hydant oi n. Useful reducing agents include alkali sulfites,

al kali bisulfites, hydroxylam nes, and hydrazi nes, and preferably sodi um
sulfite. MRrCl, KCl, NeuSPer K&.0roWadd,i nC{HNm@-hatCsHyNadl, ubNB,¢h, t be
plating s i S : 4 ‘H_gjé in an
amount su?ﬂgc?‘g%“t o%qgraﬁl e a cop érﬁi%dnece%.%gtﬁ%?'noé e §I£_%%:£1I on of

f r om aboutCTIRHL G FANS (P rAheOPER LFY I dpobifamingo| s¢nas ThELebhplereng

agent may e RHeSRN! tdtHbEPEe Pestdhifd endrto provide a nolar ratio of
copper to canpl exin agent, of fromabout 1;1 to abfut 1:5, preferably

about 1:% POLlYOKYRE THAYS s et FRent LDGHRI Pend 300 g/l .
The invention is al sSEspbaicIBd e feresd ocomdl exipd adgagtsopper usat dna. .

substrate, i J rin i de- . t] ol ution
according.%%guéékéﬁﬁggééiﬁyFg§§%&ﬁ%£#f%%S?ﬁ%éygﬁp%éggﬁ%gkgfb?ﬁgﬁgolution to
a tenper atineerifion abolndeueritDitde | B -metkyht hrethel sabscinimite, a
cat hode, _ﬂg@;fig&émmgodﬁ% tiachedisipstrate in a bath of the

% 0 ng % I

plating sol ution, and el ectropl ating the subsirate With a 30 cathode
current1@ & depbsi 1teoARGthieratrcininide, and 3 Thet rvdherbili s al so

di [) etct efl t%&iﬁﬁ%\&’epfand é)rkﬂﬂ?dx!x{@ix?hé&hb%&m,f ePbBibDY §ORBEHYANtO a
substrat e, ich conprises nixip e source of copper_lon, reducing
Soent | o RAGATRE T 2l DS ARG AR T5% URS h DEeHt 98436858S it h
wat er and gfRald Hiwulfitenalhwdrskielanwihes sadnd, hydragihésyeanio pronote
bri ght nes 0, | OVi s, 1n the amount s di scl osed. above.

~4- Dt bl A R Rl PCT/ US98/ 05211
DETAI LEE3 DESCRI PTI W@P%Eﬂ?m ENBCDPWEI\ﬂ&t is soluble Thetpeesent

i nvent | onﬂfa@i_f%@fhﬁpoﬁ,l kald€as %&dfp'é@cj‘[;,e%u%opearseh%' ofiy gpd to a
met hod of “depositing . copper fromthe nbnoval®nt 1ofiic staté from such

sol ut i ons.amountrss e kR PTAVESRAM deOPRee concenrbrRatEent ke Fheenti on

i ncor por atbBef icH Mo £ O ABELAIENES Dot IB0 gramd dsr OLiteRydant oi n
conmpounds. 1t has be unex tedl y di scovere t hat cyapi de-free
T lsnd i

al kal i ne pi%t¥HP %ol utHorE AP by BFeSPRder IR ofPotRGiPhat i s
sol ubl ed rsufifs gl eatt e irdsaide = mebhci rathgesnf coppdnt etof corgliekhgg

di val ent ' val ent i [ t
of ‘an AT & R AR Ohe o R Lt O e POl a Ly CHBREE FE4E0°"

A suitable range is between about 4 and 300 g/l.

The invention is also directed to a method of
plating copper onto a substrate, which comprises preparing a
25 cyanide-free plating solution according to the invention,
adjusting the temperature of the solution to a temperature of
about 60 to 160°F, attaching the substrate to a cathode,
immersing the cathode and attached substrate in a bath of the
plating solution, and electroplating the substrate with a
30 cathode current to deposit copper thereon.

The invention is also directed to a method of
preparing a solution for plating copper onto a substrate,
which comprises mixing the source of copper ion, reducing
agent, alkali material, and complexing agent, as described

35 above, with water and any of the optional conductivity salts,
additives to promote brightness, or an alloying metals in the
amounts disclosed above.



pl ated onto steel or copper-based substrates with good adhesion. 15

The al kal i ne, cyanide-free solutions for depositing copper fromthe
nonoval eMo 9816 state according to the i nvention typi cFTYSI8ASIde
copper in the formof a copper conpound that is soluble in the plating

e e i) Moy PEERpERRRRER LBk, LN el ARl 1 ©
hydr oxi de, to adjustTHédieppdbdmnt aimeenyeioh dbodirdctedaboutlkaldnegnd at
cast one SAI RGOSl ol 90YLF 45, OO, Oharnbfl BY Rebositing
-5- COND 8/ f@TSthe monovalent ionic state from supBTEOS9&/iG5EL1
[err] 5 To avoid the use of cyanide, the solutions of the invention
incorporate certain complexing agents of organic imides or
hydantoin compounds. It has been unexpectedly discovered
that cyanide~free, alkaline plating solutions or baths
comprising a copper compound that is soluble in the plating

10 bath, a reducing agent capable of reducing divalent copper
ions to mconovalent copper ions, and a complexing agent of an
imide or hydantoin compound are stable and allow copper to be
plated onto steel or copper-based substrates with good
adhesion.

15 The alkaline, cyanide-free solutions for depositing
copper from the monovalent ionic state according to the
invention typically include copper in the form of a copper
compound that is soluble in the plating bath, a reducing
agent capable of reducing divalent cupric ions to monovalent

20 cuprous ions, an alkali material, such as an alkali
hydroxide, to adjust the pH to a range of about 7 to about
10, and at least one complexing agent of an imide compound of
formula I

25 Fﬁz Fﬁ3
Ry— C ——Cl) —R,
! T
o C\N/C\o
30 (
H

an imide compound of formula II
35



10 or a hydantoin conpound of fornula I1I [err] where Rerr],
Rlerr], Rerr], and R err] nay each be independently the sanme or 20

di ff erentwo esiMiéa e hydrogen, al kyl, or al koxy, where the PCIVUSHB/O3d al koxy
noi eties contain one to four carbon atons, and where Rerr], Rerr],
Rlerr], and Rerr] are independently the sanme or different, and are

hydr ogen, an al kyl group copt ai ni one Lo &%ve carbon atons, an aryl
group, or an al cohol. 25 1— Uhe=e i ngn of the conpl exi ng agent,
which  naintains the copper in the nonoval ent ionic state, and the
reducing agent in a plating solutj@n haytng a pHinkhe range of from
about 7 to about 10 is essentigt”to~the Tn ion. Wt hout the reducing
agent, %ybstantially all of t 30 oval ent” copper is oxidized to

di val ent” copper under typi cal condifions, and wi thout the conpl exing
agent, the nonoval ent copper cannot/,remain soluble in the plating bath.
The anpunt of conpl exing agent requirédd in the sol uti on depends upon the
anount of copper in the solution. 35 Typically, the nolar ratio of copper
to conpl exi ng agent ranges fromabout 1:1 to about 1:5, and is preferably
about - 6- WD 98/ 41675

PCT/ US98/ 0521d hydanfofn Afohpdhsdl of apgem@iacpneentration i s between about
4 and 19300 g/I, with a nore preferred range being 10 to 100 g/|.

Useful conpl exi ng agents incl ude succingfide, 3- et hyl - 3- et hyl
succi ni m de, 1-3-nethyl succinimde, 3- _Gwﬂ 5 succi ni m de,
3,3,4,4-tetranet hyl succi ni myde, %q3,4-’ i metRyl succi ni m de, mal ei m de,
and hydant oi n conpounds. The'Yost ' —praf é&rred/conpl exi ng agent is dinethyl
hydant oi n because of its low cost and availabi%ﬂiﬁj
. P “ B
15 - N
O rl\l O
| |
RB

where R,, R,, R,, and R, may each be independently the same or
20 different, and are hydrogen, alkyl, or alkoxy, where the
alkyl and alkoxy moieties contain one to four carbon atoms,
and where R;, R;, R;,, and R; are independently the same or
different, and are hydrogen, an alkyl group containing one to
five carbon atoms, an aryl group, or an alcochol.
25 The combination of the complexing agent, which
maintains the copper in the monovalent ionic state, and the
reducing agent in a plating solution having a pH in the range
of from about 7 to about 10 is essential to the invention.
Without the reducing agent, substantially all of the
monovalent copper is oxidized to divalent copper under
typical conditions, and without the complexing agent, the

monovalent ‘copper cannot remain soluble in the plating bath.

30

The amount of complexing agent required in the
solution depends upon the amount of copper in the solution.
Typically, the molar ratio of copper to complexing agent
ranges from about 1:1 to about 1:5, and is preferably about

35



The amount of copper in the plating bath typically 10 ranges from about 2
to about 30 g/l, depending on the plating speed required for a iven
appllcatim9wmhﬂicopper can be provided in the form of BaR{Y ﬁﬁ%%%hﬁent or
di val ent copper conmpound that is soluble in the plating bath provi des

copper t hat can be, conpl exed b]¥ t he conpl exi ng agent in the bath 15 _and
does not dbgﬁadeAtF%Pb%ﬁh TRELE uP cSBB@F“ESﬁﬁ&Bﬁdés betyeery@btt 4randot

I I m ted t030(£lt_fy;11 G;Dit[xearﬂmréltﬁﬁéeéfi:edaban@é[ eeﬁh@ 10 teuproausychl ori de,

isS pre § ed be ause of g yaila |I|t % | ow cost .
The reducﬁﬁﬁalﬁgn?O?E %%§r%aa%eg Fung Egﬁpgﬁﬁﬁl TH&" is capabl e of
redUC|ng(ﬂ*ﬂﬂtﬂ&lﬁb@@éhylosuoomnamede 1-ceppthylndaccting migiadi t3-oxitshyl
pr esent g u i nclude, $; hot
Ilrntexi%rgdégaﬁ4ﬁiég sul f%es éggéﬁéﬁ gt%ggg g?@?%laﬁlgég tﬁhﬁéa2|hes
and t he |meccaelmmg,alsalﬁemb&eda@n@nhwﬂed@eendee@pﬁepd% dé’é’tﬁad@&%e

pl ating bagftefe%ppé&%éﬂbiékengm%éhtptedaeaétnytsa%emtw&tf YeRAsd hor
oxi dation “product, and is_avail | ow Cost, is the nost preferred

reduci ng abfeht1oWheest an@eﬂﬂ%%h@babéﬁYs are typically used at a

concentration of 'bﬁéV\@ﬂdﬂuﬂ'bOblf ¢6pherlsa ﬂhle PlLating, batth ﬂfﬁﬁiﬂ’iy
bet ween 30 about

and H af. the s utlohs of t he
Cpvent 1 th T3RRES) 508 SpaRG 22 1 £8 Bk 39 F4LapBsPrging SroiA oI
about 8 tcspee@bnequQre&héopthpngbeeadppg&edamubh anﬁhbasep@enﬂdaﬂlbsalt

that is c h t 1+ N
Na[ err] CO g‘fi&)&? é Eopﬁ gfpre Bﬂga'ﬁ?ﬁ sogglla&m lhg.‘r oxﬂ?@éé
CptlonmI3P0m?@MB@Ibhﬁbnsso$01hb1¢nventh§npﬂaylnq eeﬁba|@nmvudﬁﬁncqpmemf a

conducti Vigyaeatin 88 88dbibxeat th lexing agent in the bath;
VO 98/ 41675 By the complexing agenf in the ba

pr onot L2RRSr PR BPtLRegRRARsEher bakk- coPpefUde FORPEE, CHMPOWII | oyi ng
netal . Conflielhdé| yvasl &se maytbeimpteanabl, yCucaddedctlg, | gRsOyE dM@ Ccu,0.

conduct|V| of theh athalf Eeggssary f % ﬁa% t hat % %'uble in and
conpatlbl Yhu?h% St Ry 15 bdSuBERTCEHER REBHES: Cded “Ssul f at es,
phosphat esavailalitsty apflutowatest.tartrates and the |ike being suitable.
Specifically preferr h d , :ggﬁﬁﬁ§ium
chl oride, KO, sodluﬁsgu %&ECiﬂﬁbﬁggn?ngegh% 5%% a%?ﬁy%ge'6§} phosphat e,
Klerr] Fi{fértcl}eq ei$] caBablanPphbspnaing fayelepbOcePPRr $edmemorelentrate,
CL ferr] g[eré }_f{?éﬁrﬁiu@?rflhe é@HaEHEShHCBBéEEntC[LW thil enalthal eadn. amoni um
chl ori de er

2kt

a, Rochel | e such_as pot assi u sqdlunt tartrate,
KNaC[err]PE éiﬁ?ﬁTClﬁﬁdagﬁﬁtﬁlk€°1?ﬁ€sebgalF§eaP8tt 8, to, ysed in
an anount ®Ik#®1iosudbfytésanddpbesalghtysat hglevkyl@mines, hydrazines,

and the like, as long as the oxidation product does not

25 degrade the plating bath. Sodium sulfite, which produces
sodium sulfate as the oxidation product, and is available at
low cost, is the most preferred reducing agent. These
reducing agents are typically used at a concentration of
between about 10 to 150 g/l or more, and preferably between

30 about 15 and 60 g/1l.

The pH of the solutions of the invention typically
range from about 7 to about 10, preferably from about 8 to
about 9. The pH can be adjusted with any base or alkali salt
that is compatible with the bath, including NaOH, XKOH, NH,OH,

35 Na,C0,, or the like, and preferably with sodium hydroxide.

Optionally, the solutions of the invention may
contain at least one of a conductivity salt, an additive to
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to 50 g/l. 15 | f necessary, additives to inprove the brightness

and uniformty of the plated copper may be included in the sol utions of
t he i nveRidh og416tdsef ul additives include organic am ne cerpousasdsiisuch as
triethylene tetram ne and t etraet hyl ene pentam ne, and oxyal kyl

pol yam nes, such as 20 pol yoxypropyl-triamne, and the Iike. The anmount of
am ne usedndbpendsfonmity art bvightnasshefbibhk, copper depasiitistywr to
brighten thg depggihg EQ{:?Exa”EbﬁdaEE&ﬁW' 889 thChaITHRC opt sichdAf €1 abl y

used at a concentration o Sol ution,” where
pol yoxypr op§Pedi b HBPFeyEi FBs EBBGPCPEVGtI Sﬁlth?h9§°htﬁe AAGRFHSFIY ¢ hi s

additive czszﬂyrgage them is Qombmb/ hnt anf. 5oﬁbbtaﬁdecar&thet(ﬂﬁ efarﬂma@hxby
routine t|n haklon I S, ared by

(st s 5dPecBPORagSERR RBnPPRFHICHoRE ALY cPIOBRISEREY SHHERE e 30
copper con@bundnanes;ytaattatesfand1uheaslaesbadng sﬁﬁeablesolutlon IS

stirred tog e o] d L he
reduci ng aggééi égé%g 8?8?§§£88 Eg;g% 1nE2§ﬁ & F&I y sa%&g%gidgﬂ%r%bs or
al | oyi ng mpehhssanes ahbdedide, Kcit pEating, SUﬂéab&thﬁSS%I metiassiar a

Lemper at Ur by kghodBnk@BgCR 4 oM 809Mm ODRGELhate, Ao LOYEHILE (18 Lo

71[err] out 1 abbut*’125[érr|F (43[err]
to 52[ e%P] ejtrate, SdbdesQte %wquﬁtg&ecﬁ By NG ac BRAGRENE substrat e
to a chl orlde,lﬂiCl, a Rochelle saBt, suchVi¥ ﬂé§§§um sodlum

PCT/ US98/ 0521 t hat of an electr cir rs n
PCTI US98/ 05214, e o PTG Mot p SeBEr 100 rReER.Seifh: for tigically o' "

provi di ng ﬁéedtincah anonnaht of o5t he Ubr gyilt and piredemabil yardt aﬁdutendlne
sufficient gzg the substrate with copper to a 5 desired thickness. The
electroplé?lng o itions are conventional and optinmum val ues can be

det ermi 88d by routinéf negﬁésanﬁntaﬁd@thySohe @mp@pﬂen&hﬁ $riilghtinesshe

art. and uniformity, of the plategxéNF Pe 1ncluded-gﬁagﬂg|0“”ng
non-limting exanples are nerel ratlve Q preferred

enbodi ment $°4Rt{RRS pPESERE anFH§éﬁPlonUS&ﬁélaPédﬁ§ﬂVF§ BE SRS QRIRTEE
limting tARine tBMpBLHAB, bkhensasperaktwhiichel setebimine bynd he appended 15

clai ms. tetgggggbfe%e pentamine, and oxyalkyl polyamines, such as

20 polyoxypropyl~triamine, and the like. The amount of amine
used depends on its activity in the bath, i.e., its ability
to brighten the deposit. For example, triethylene tetramine
is preferably used at a concentration of about 0.05 ml per
liter of solution, where polyoxypropyltriamine requires about

25 0.1 g/1. Thus, the amount of this additive can range from
0.01 ml/1 to 0.5 g/1 and can be determined by routine
testing.

A typical plating solution is prepared by first

dissolving the complexing agent in water, and then adding the

30 copper compound in crystalline form or as a slurry. The
solution is stirred to dissolve the copper compound, the pH
is adjusted, and the reducing agent and any of the optional
conductivity salts, additives, or alloying metals are added.
For plating, the bath is maintained at a temperature that

35 ranges from about 60° to about 160°F (15 to 71°C), and is
preferably about 110° to about 125°F (43° to 52°C). A
substrate can then be plated by attaching the substrate to a

- 8 -



A nonoval ent copper plating bath was prepared by di ssol ving the

foll ow ng conpounds in deionized water. 20 550D h
hydant oi WO 98/4167590 ¢/ | Cuprous chloride . PCTU qg&m%ﬁ% g/ |
Sodium Bisulfite 30 g/l Triethyl ene tetram ne

0.05 m/I 25 H.oof th t ted t 9.W t

sodi um h§8FB?F&eth?ﬁelFePSEth6? gﬁé%ﬁﬁ%%ﬁk& #ﬁﬁﬁo %@miﬁgfébrfﬁe

(43 to 52[ enthCe and waftdapchield wadsdyiatat eich wileh platoing i setiutiehjreed. 30
B d I t nt
Generthes BroTighiRrsioied SUSTHARE B Lohd "Br o i afoshadRe D ke
squar e decikEptt &r Fing §Uffﬂﬁﬂ@Wﬁe§§(ﬁ akeg tig i@biiﬁﬁﬁﬁcwathT%@PPPﬁetéfa

pl ating ¥wagesi¢8amRdicRhedls. > Ahld [ardderiph R4 18 %Brﬁfl@iori@ &-btlerr]. The

35 deposited co %gr adhered to ,the base netal, and, was
appearanceconve ional and optimum values can bg)determln%&)gglgggggne

PCT/ US98/ Oezpérimensd/ipine b¥ one of ordinadynailoVEl eivi €wepertpl ating bath
was prepared as in Exanpl e 1, except 27 g/l cupric chloride was used as

t he source of copper ion. Brass and steel panels were plated as 5 in
Exanpl e 1. The appearance and adhesi oEXaMPIBS pl at ed copper were
substan&hally the sanme as in Exanple 1. Exanpl e 3 A
nonoval ént copper plating bath was prepared as in 10 Exanple 1, except 15
g/l cuprous oxide waFhgsd@ldewing geurdenitigig c@gﬁgmlwmr@rmseéﬁd st eel

panel s wer g1phakedta%vd B th@@ﬂéf%z%edT@n@d}Pﬁ@ém%@”&xédﬁéééeﬁtOf the
plated copper wer e substantlally the same as i n Exanp|e, 1. 15 Exanpl e

lnvenﬂlﬁﬁnoﬁéﬁeﬁFebﬁﬁﬁerﬂﬂ9ﬁ|QRP%Eﬁq?4Mﬁ§[ﬁ%ﬂﬁﬁ%ﬁﬁa. hen
Exarrpl e 1, iexeeptiohy @he edidipeC dfy dmidnie svate fisash asy ttige a%pélﬁaédOf

copper 8 Br.ass and steel -panels were plated as in Exanple 1. The
appear afte Safid™&dhesi on of the pl at ed

Example 1
A monovalent copper plating bath was prepared by
dissolving the following compounds in deionized water.

20
5,5 Dimethyl hydantoin 90 g/l
Cuprous chloride 15 g/1
Sodium Bisulfite 30 g/1
Triethylene tetramine 0.05 ml/1
25

The pH of the bath was adjusted to 8.5 with sodium
hydroxide. The temperature was maintained at 110 to 125°F.
(43 to 52°C), and the bath was agitated with a motorized
stirrer.

30 Brass and steel panels were electroplated in the
bath at cathode current densities of 5 and 10 ampere per
square foot (0.54 and 1.08 amps per sqguare decimeter) to a
thickness of 0.3 mil (7.5 micron). The time of plating was
48 minutes at 5 A/ft’ and 24 minutes at 10 A/ft?. The

35 deposited copper adhered to the base metal, and was bright in
appearance.



20 copper were substantially the same as in Exanple 1. Exanpl e 5
A nonoval ent copper plating bath was prepared by di ssol ving the follow ng

conpoundswvo ps/gletoni zed wat er. 25 5,5 Di net hylrduyusastoszin 75
o/l Cupric Chloride 27 g/l Sodi um
Sulfite 30 g/l Triethylene tetram ne 0.05 m/I 30

The pH of Edmubke 2 was adjusted to 8 with sodium hydroxide. The
tenperature was mai nd ahGed, e H\@e@o%%?%aﬁ'ﬂatlﬂgqﬁﬁﬁ] Ea£;4§raggréé[ &! %

and the bath was agitated wth a rized irrer. Brass and st eel
panel s werBxaRtedl ateBSeREt hodd EUFHRRIC dehsPFide WhssugRd 26 APRFt2 (0.54

to 1. 0& ke e5f | dopdée ﬂ@:ﬁ)03|1§§a§\§r§n§e§te81|98¥xeﬂ.§ aagéapaaead ard

S%hgg/egls\é\ggl Etyaxggt]ee bf\se ’E? appearance and adhec:.g@-rpgsgg,g;og%i‘fed i
Exanpl e 6 copper were svbstawvbhEhy thepeinel asi hg Babhphasiprepared hy
di ssol ving the follow ng conpounds in deionized water. 5 55
D net hyl hydant oi n 90 g/l Cupric Chloride

27 g/l Example 3 Hydroxyl anmi ne hydr ochl oride 20 g/l

Triethylene tetram ng 1en®- O 919 b th TheeRE-2E gge at h
was adjusted to 8.5 VM??F%%%I?ﬁh g drox %a %%e 2 g?gt rSBof t he ?%

was nai ¥R FFRRP b &ioexc?Bt1%%[%%%]?ﬂPEBU$o°§2?%rW?§3usﬁﬁdaﬁhéhﬁaﬁﬁhﬁﬁ?

agi tat ed hyr acopp®@t OfbEEd SiasE €dnd steel panelsbBihasse gmdtéaeab Ranel s were
el ectropl at ed I:B%t he 15 bath at cathode_cu rent den%% g and 10 A/ft2
(0.54 and EXaMPH3 Jy dnfRf riPPEIranehi aRAc2dngFipn30 g7P aﬁ?ér&ﬁPperThe
tinme (ﬁw¢&@1$m@smaﬁtﬁ81nynumessame5aé/iﬁ[Ekaﬁpaed124 m nutes at 10
Aft2. The deposit had good adhesion to the base. netal, 20 and
sem -bright to bright in appearance.

15 Example 4

A monovalent copper plating bath was prepared as in
Example 1, excépt 15 g/l cupric hydroxide was used as the
source of copper ion. Brass and steel panels were plated as
in Example 1. The appearance and adhesion of the plated
20 copper were substantially the same as in Example 1.

Example 5
A monovalent copper plating bath was prepared by
dissolving the following compounds in deionized water.

25
5,5 Dimethyl hydantoin 75 g/l
Cupric Chloride 27 g/1
Sodium Sulfite 30 g/1
Triethylene tetramine 0.05 ml/1
30

The pH of the bath was adjusted to 8 with sodium
hydroxide. The temperature was maintained between 110 and
125°F (43 and 51°C), and the bath was agitated with a
motorized stirrer. Brass and steel panels were plated at

35 cathode current densities of 5 and 10 A/ft? (0.54 to
1.08 A/dnm’). The deposits were semi-bright in appearance, and
adhered well to the base metal.



Exanple 7 A nonoval ent copper plating bath was prepared by

di ssolving the foll ow ng conpounds in deionized water. 25

Succi ni m“g‘é93/41675 90 ¢/ | Rochel | e¥Sk{Uso8/05211
100 g/| Cupric Chloride 27 g/l

Sodiun1SuLéit 30 g/l 30 Triethylene tetram ne
0.05 m /I Gelatin 0.5 g/l

The pH of the bath mhsmgﬂ?m%l%ﬂttéospgﬁdpﬁﬁtlnghyéﬁbxW@@ rrePareharnt ure
vwas mai nt a4 ieds b %Otﬁé’ ﬂgﬁi@ﬁﬁrﬂag d8mbBanke §%[ ateri]:;;)me%nqzamber bath was

agitated by a notor tirrer.
PCT/ US98/ 05211 Brass and st eel panels mere el ectropl ated at

cat hode gurrent denss?5e§lﬁét§y§nﬂ§agn65352 (0.54 vo &,Q8 Aldnierr]) to

a thickness of 0.3 cro p03|t adhered wel |
to the base netals néhaé ﬂgl or bright in apggaa Example 8

A nonoval ent copper pyaroxgléalhevagdpoepapeddby 20dg$90IV|ng t he

foll owi ng conpounds ji.pn.delonized ter. 10 ci ni m de
90 g/ | gﬁgﬁi@‘?%ﬁ%dc%gr%m% 30 g/ -0° m2}d Sodi um

Sulfite 30 g/l Pot assi um Chl ori de 88 g/l 15
Triethyfgne tetranln@ e pH- 8P H%élbagh was a?justeah%opﬁ‘y ﬁi?ﬁfEB&EM@S

adjusted to 8 with so I um r oxi énperature of th at h was

nai nt ai nedhy@raxpde. t@hEZBFEP?¥FtPH§ P8 SQFePﬁFé)Wa§n@®%¥%§ﬁﬂQ#lWbsllo
suppl i ed byorps 96an4 Zotb he2e@f hodfgl 8hkhgakhat/aBgaBathtald 230 4 pm
(equivalent to ft/mn |1 near speed). St eel substrates
attached t%P?ﬂﬁl?ﬁ?aFFﬁﬁrﬁﬁthode were subjected to high speed plating in
this bath. The el Beasopantli sgevdsppaefier wedeak lactabpddeclirirenthalensity

of 25 199 ££{£[§£réagﬁgd§ éﬁgng£rh£hsities of 5 and 10 A/ft? (0.54 and
1.08 A/dm?) to a thickness of 0.3 mil (7.5 micron). The time
of plating Was’48 minutes at 5 A/ft?, and 24 minutes at 10
A/FE2.
The deposit had good adhesion to the base metal,
20 and semi-bright to bright in appearance.

Example 7
A monovalent copper plating bath was prepared by

dissolving the following compounds in deionized water.

25
Succinimide 90 g/1
Rochelle Salt 100 g/1
Cupric Chloride 27 g/l
Sodium Sulfite 30 g/l

30 Triethylene tetramine 0.05 ml/1
Gelatin 0.5 g/l

The pH of the bath was adjusted to 8 sodium
hydroxide. The temperature was maintained at 110 to 125°F
35 (43 to 52°C), and the bath was agitated by a motorized
stirrer.



The plating rate was 0.1 ml, 2.5 mcron thickness in 60 seconds. The
deposit was snoboth to sem -bright in appear ance, and adherent to the
subst r at ewo 9gBAsExanpl e 9 A strike copper pl atricogssssssnt epar ed
by di ssol ving the foll owi ng compounds in deionized water.

5,5 Di net hyl hydantoin 60 g/l 35 Pot assi um Pyr ophosphat e
30 g/l GuErsisc apddsdpeiede panels were elkaffdoplated at

- 12 - Iy 2

PCT/ US98/ OSCSIHIS\QQ %Q{AJQQ.X__S dens‘%ﬁeleSH Ooff 5t haendbajtch A_ fst aéf)t]sstzieaot 35?85 W th
pot assi um Ry&Moki Be. 2 ThRRiFERPEs affir 8- RaBifmilit i RéETAN) 90 to 110[err]F

(32 to 43[err] Q). Zi nnedigepeast Raheraiehell kY Heanad nedts aciiyated
in the cgonventi qnal nner, then electr?PIated 5 1n the above strike bath

at 10 A/ Pt MEfr PPIET 88 PA AT Te ™) PPPGATATC® i nutes. A uni form pi nk copper

coating was deposited over the entire substrate. The parts were then

el ectropl a ' the bath described in Exanple 1 at 10 A/ft[err] (1.08
A/dn[err])iggpbi§—§4 m nutes. The deposit was uniformy bright in

appearance, 10 and t ReTatiwveilentt copperziplatding dadth base predpdredsby
excel | ent. gisso1ving theA%oqqg%‘.%gr %ﬁ%&%ﬁ@%ne@@ O%ed Rl kal i ne,
t 0 of the

cyani de-free nonovalent copper pflating sol utlons I nvention, when
plated 8Rto a substrate, such as steel zinc, 15 or brass, provide a copper
plate that is bright shecinig@pearance, and adhgygsjwell to the substrate.
Wiile it is apparent that the_inyention disclose herein is well
calculated to fulfiIFuPﬁécoG§é8F§d§tated aB&&/ Lt will be appreciated
that numerous nodi fi catliiams san¢ize@ enbodi ment omgy 1be devi sed by those

skilled in the art. refo it gs intended that the appended cl ai ns
cover all such nogio?::a-ggtllﬁggnég%ﬁal Foodi rrengg tgk{gt fall within the true

spirit aAd scope of Thdephydene teteamime 2505 ml/1

The pH of the bath was adjusted to 8 with sodium
hydroxide. The temperature of the bath was maintained at 110
to 125°F (43 to 52°C), and agitation was supplied by rotating

20 the cathode in the plating bath at 200 rpm (equivalent to 100
ft/min linear speed).

Steel substrates attached to the rotating cathode
were subjected to high speed plating in this bath. The
electroplating was performed at a cathode current density of

25 100 A/ft?* (10.8 A/dm?).

The plating rate was 0.1 mil, 2.5 micron thickness
in 60 seconds. The deposit was smooth to semi-bright in
appearance, and adherent to the substrate.

30 Example 9
A strike copper plating was prepared by dissolving
the following compounds in deionized water.

5,5 Dimethyl hydantoin 60 g/l
35 Potassium Pyrophosphate 30 g/1
Cupric Hydroxide 2 g/l



30 35 - 13 - WD 98/ 41675
PCT/ US98/.05211 THE CLAI M5 is clainme
i s: 5 WO98M41675 A gsypstantial l y cyanide-free plating S&Q]W%'ﬁmszlfor

depositing copper froma nonoval ent ionic state, which conprises a source

of copper ions, are | of , r.educ | ent, copper ions
to m)ggval ent copperq':ﬂo%nggl %Q:%tha %%Q—_% s seﬁ%uqh ‘%\r@%g%u% %}f)fICI ent to
mai nt ai n t petaesduimubhiyedroxddg - pHThen gemfersioute wa meointaifedaatd a0 to

conpl exi ng13geR (h 88 Eleds .Or ANHAMI LAAMUAL WHAL S st DFLATRI Ned

anount of conp IeX| ng ent and reduci ng agent iclent to reduce
di val ent cBBBePCP&N§th Shg senverdgiisl impnnen s then electroplatpd

subst ant alihy thpaabdeef rsﬁt@‘lkleal]dait% atsaloutd gr2of 1¢bal W &m2yWhepei Agt he
coaneX|ng age+es[ inuhg%%%m plﬂ%uggy%ég Jégggﬂéidas deposited over
the entire substrate. The parts were then electroplated in
the bath described in Example 1 at 10 A/ft? (1.08 A/dm?) for
24 minutes. The deposit was uniformly bright in appearance,
10 and the adhesion to the zinc die cast base metal was
excellent.

As demonstrated by the examples, the alkaline,
cyanide-free monovalent copper plating solutions of the
invention, when plated onto a substrate, such as steel zinc,

15 or brass, provide a copper plate that is bright in
appearance, and adheres well to the substrate.

Whilé it is apparent that the invention disclosed
herein is well calculated to fulfill the objects stated
above, it will be appreciated that numerous modifications and

20 embodiments may be devised by those skilled in the art.
Therefore, it is intended that the appended claims cover all
such modifications and embodiments that fall within the true
spirit and scope of the present invention.

25

30

35
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PCT/ US98/ 05211 an i mde conpound of fornula I [err]
a hydant svoemaepound of fornmula 111 10 ) PCT/US98/05211
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15

20
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30

35

THE CLAIMS

RA

1. A substantially cyanide-free plating solution

What is claimed is:

for depositing copper from a monovalent ionic state, which
comprises a source of copper ions, a reducing agent capable
of reducing divalent copper ions to monovalent copper ions,
an alkali material in an amount sufficient to maintain the
solution in a pH range of about 7 to about 10, and a
complexing agent of an imide or hydantoin compound, whérein
the combined amount of complexing agent and reducing agent
are sufficient to reduce divalent copper ions to monovalent

copper ions.

2. ,The substantially cyanide-free plating
solution of claim 1, wherein the complexing agent is an imide
compound of formula T

! |
R~ C—C —R,
|
C C
O/ \\N// \O

|
H

R, Rs

- 14 -

or



[err] wherein where Rerr], Rerr], Rerr], and R err] may each be

i ndependently the sane or different, and are hydrogen, alk or alkoxy,
where 20wes/dlléky| and al koxy noieties contain one to fourP %épﬁ?ﬁt‘f’szuatons
and wherein Rerr], Rerr], Rerr], and R err] are independently the sane
or different, and are hydr ogen, an al kyl%ﬂ%ouP cont ai ni ng one to five
carbon atons, & ayd %yQﬂR9°Qﬂ 25 . The
substantlally cyani de-free pggtin solationppf claim 1,

conpl exi ng agent is present Fﬁ n tte sol t| on 14 an am)un mml mg IIHHIHt
4 and 300 g/l of solution and thé{ r eduf i ng agent i § present C| nLann arsount
of 30 between about 10 and 150 |on . The
substanggally cyani de-free pIa | ut dB of claim 1, mhereln t he

conpl exing agent is succinim de thyI 3-et hyl succinimde, 1-3-nethyl
35 succinimde, 3-ethyl succinim de, é 3,4, 4-tetranet hyl

- 15 - WD 98/ 41675

PCT/ US98/ 05211 succinimde, 3,3,4-trimethyl succinimde, maleimde, or
a hydant oi n compound. 5. The substantially cyanide-free
plating 5 @'&M%ﬂhﬁoﬁ atdhdoundies £ fothel4a educi ng agent is an al kal i
sulfite, alkali ul fite, hydroxylam ng, or hydrazine. 6.

The suHEQantlally cyani de-free plating F?asolutlon of claim1, wherein the
conpl exi ng agent is 10 di et hyl hydantoiln and the reduci ng agent is sodi um

sulfite. 7. nge—swsi-an() all\Rgyani de-free plating
solution of claim1, wherein the spurce | iof copper ions is
_C Ce IIT
NS
07 Ny o
i5 . l
~ [28

wherein where R,, R,, R,, and R, may each be independently the

same or different, and are hydrogen, alkyl, or alkoxy, where
20 the alkyl and alkoxy moleties contain one to four carbon
atoms, and wherein R, R, R,, and R, are independently the
same or different, and are hydrogen, an alkyl group
containing one to five carbon atoms, an aryl group, or an
alcohol.
25

3. The substantially cyanide-~free plating

solution of claim 1, wherein the complexing agent is present

in the solution in an amount of between about 4 and 300 g/l

of solution and the reducing agent is present in an amount of

30 petween about 10 and 150 g/l of solution.

4. - The substantially cyanide-free plating
solution of claim 1, wherein the complexing agent is
succinimide, 3-methyl-3-ethyl succinimide, 1-3-methyl

35 succinimide, 3~-ethyl succinimide, 3,3,4,4-tetramethyl

- 15 -



Qud, QuC[err], QusJerr], or 8. The

subst antially cyanide-free plat m lllwllﬁmm claim1, wherein the
copper i ome 9gmMes7pr esent in I a concent r at POTVUSH8/6520Im about
2 to about .30 g/l of solutlon . The substantially
cyani de-free platlng sol ution of cIa|n18 wherein the source of copper

i ons and S@@ﬁpmemldg,a@eht4at91mebbﬁhtsuqcanmmmﬁs,smﬁﬁﬁemedﬁ,tGmpﬁOV|de
a nol ar raﬁy&aﬁﬁofﬂpegﬁpbﬁﬂé to conpl exing agent of from 25 about 1:1 to

about 1:5. . The substantially cyanide-free plating

solution of claim9, mhereln the nolar ratio of copper ions to

conpl exi ng agent is §9tWB@Hea@@yéténﬁlémﬂyaé?ah1&e4fr3@ platin% h 11.
im ur r,

Th bst ant f | at
comr | s et ot ide YEnsiRin o Fedralt roerfedbbtRacnotah Levan & ot e

bri ght nesssudfitea, alkélbdybhgubeite, BHdroxylamine, or hydrazine.

- 16 - WD 98/ 41675 PCT/ US98/ 05211
12. The substantially cyanide-free plating solution of claim 11, wherein
the alkali material 6s NaUkp subgCrhtilléyr Pornide-fuper pletioor ] . 5

13.  The é&?ﬁ%ﬁ&ﬁ'é%'¥1&¥ﬁ”idewﬂé %fﬂ'ﬁhénaomplé?EHg' Q8eRk ﬁ%@'”’ll’

wherein the conductivity sal err
K[err]F%%r@}@fEPY} hKﬁFEF?}F(f%@rThecféﬁPFFPErP?RﬁFeFF]€P§ﬁFP sulfite.
Cerr]Herr]Na( err], NHerr]d, or KNaC[err]H[err]C{err] 10
14. The substantial%y cyani de- free g h# a %lon oﬁ l.aim 11,
wherein the additive’ts an*®rgaRFEANT1IH ¥ CERNARCGRTERKY % P?én1ne
15. The subkslahionl b§ cyaimde; fwkerpliat thg source of copper ions is
cucCl, CucCl,, CuSO,, or Cu,0O.
15
8. .The substantially cyanide-free plating
solution of claim 1, wherein the copper ions are present in
the solution in a concentration of from about 2 to about
30 g/l of solution.
20
9. The substantially cyanide-free plating
solution of claim 8, wherein the source of copper ions and
complexing agent are present in amounts sufficient to provide
a molar ratio of copper ions to complexing agent of from
25 about 1:1 to about 1:5.

10. The substantially cyanide-free plating
solution of claim 9, wherein the molar ratio of copper ions
to complexing agent is between about 1:2 and about 1:4.
30
11. The substantially cyanide-free plating
solution of claim 1, further comprising at least one of a
conductivity salt, an additive to promote brightness, or an
alloying metal.
35

- 16 -



15 solution of claim11, mhereln the addit triethyl ene tetram ne,
tetraet hyl ene pentan ne, Tﬂum u l Mi“ Mam' ne. 16. A
met hod ofW@psil6Ty copper onto a i ch conpriBeHUB&L5aH ng a
cyani de-free nonoval ent copper platlng solution by m xing a source of
copper ions, a redu0|n agent capabl e of redu0|ng di val ent copper ions
to monoval ent copier ﬁ%ﬁ;SQPF?RW%&thﬁI@Y¢%}d?n EAcaRpdafing sufficient

to mai nt aigy g cplost i l@lralm B pHH@rgen ofh@boitaYi 2Rat8ralout slfzomd a

conpl exi n en an imd or hydant oi n conpound, wherein the combi ned
anount of g@gﬁp "%&Bﬁg etttz reduci ng agent are sufficient to reduce

di val ent copper ions to nDnovaIent copper I ons; adjusting the solution
to a { enper at ure f.ange 0] err% _ the 30
substraf% in the solu |on1§ 0%%? QY%% E% k ?op N9 substrate.
17. The nm&cHod-ish @faighaion lmervdre:reem ‘@mm@zxdug*wrageaalandst e cdqur ce
of copper Kd;ns N%rgoaddi@q, 69, t}j‘gapgol uél}pﬂﬁ%? | ﬁnN@@)unk¥x glent to

provide a nol'ar ratio of ‘copper td’ conpl éxi igtagent ron1about 1:1to
about 1:5¥NaCeH. & sol uti on. - 17 -
WO 98/ 41675 PCT/ US98/ 05211 18. The
nmet hod of claim 16, wherei.n th IeX|£$ ?ya ent s selected to be an

i mi de &Shpound of fdrdrul £he sU sta tial anide-fuee; RLgE1RGnpound of

formul a |lsolution of claim 11, wherein the additive is an organic
amine or an oxyalkyl polyamine.

15. The substantially cyanide-~free plating
15 solution of claim'il, wherein the additive is triethylene
tetramine, tetraethylene pentamine, or
polyoxypropyl-triamine.

16. A method of plating copper onto a substrate,
20 which comprises preparing a cyanide~free monovalent copper
plating solution by mixing a source of copper ions, a
reducing agent capable of reducing divalent copper ions to
monovalent copper ions, an alkali material in an amount
sufficient to maintain the solution in a pH range of about 7
25 to about 10, and a complexing agent of an imide or hydantoin
compound, wherein the combined amount of complexing agent and
reducing agent are sufficient to reduce divalent copper ions
to monovalent copper ions; adjusting the solution to a
temperature range of about 60 to 160°F; immersing the

30 substrate in the solution; and electroplating copper onto the
substrate.

17. The method of claim 16, wherein the complexing
agent and the source of copper ions are added to the solution
35 in an amount sufficient to provide a molar ratio of copper to

complexing agent of from about 1:1 to about 1:5 liter of
solution.

- 17 -



[err] 20 or a hydantoin c formula I1
R6 [err] wherei n m&ﬂﬂiﬂ Ei ﬂﬂt&ﬂ"r], Rlerr], and R err] may
each be yodgpepdently the s enyyl and are hydcogsesoakkyl, or

al koxy, where the al kyl and al koxy noieties contain one to four carbon
atons, and wherein Rerr], Rerr], Rerr], and Rerr] are independently the
sane or different, asd afhehydthgénpfaclalilyliegr eyerein the complexing
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cont ai ni nag%‘% t8 Féé%g?bgﬁ 5?0%1151, lélnrjidgr ?F’“SPS&S, goy}lég%%uqa (1§[ohol :

19. The method of claim 16, furth co Ising 5 adding at |east one of a
conductivity salt, an additive to 2prgR§Be bri ghtness, or an alloying
nmetal to the plating sol ution

5 Ri— C—C —Ry
-]
C GCs x
0/ A4 \O
|
10 H
an imide compound of formula II
15 | | -
. C C
Q/ \C/ \O
|
H
20
or a hydantoin compound of formula III
Re
25 |
RS—N-—CI: —R7
|
cC OC TII
AN S
o N 0
30
R8

wherein where R,, R,, R;, and R, may each be independently the
same or different, and are hydrogen, alkyl, or alkoxy, where
the alkyl and alkoxy moieties contain one to four carbon
atoms, and wherein R;, R,, R,, and R, are independehtly the
same or different, and are hydrogen, an alkyl group

35



20. The net hod of cl aim 16, \/\herel re of the plating
soluti.on.is adjusted to a t enper g H “ﬁlg"ﬂllmg of from about 110[err]
to about WOSBEIGTFF. 15 o PCT/USO8/A3R1I
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containing one to five carbon atoms, an aryl group, or an
alcochol.
19. The method of claim 16, further comprising
5 adding at least one of a conductivity salt, an additive to
promote brightness, or an alloying metal to the plating
solution.
20. The methed of claim 16, wherein the

10 temperature of the plating solution is adjusted to a

temperature in the range of from about 110° to about 125°F.
is
20

25

30

35
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